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Objective: Lower extremity arterial injury is a rare complication following total knee (TKA) or total hip arthroplasty
(THA). To date, no multi-institutional study has identified preoperative factors that may portend increased risk for these
injuries. We queried a large clinical database for the incidence and predictors of arterial injury and/or compromise
following lower extremity arthroplasty.
Methods: Prospectively collected preoperative and postoperative data by the National Surgical Quality Improvement
Program (NSQIP) of the Veterans Affairs Medical Centers were analyzed. All patients from 1996 to 2003 in the NSQIP
database who underwent TKA or THA were identified via CPT codes. NSQIP defined, 30-day, postoperative outcomes
were analyzed. Data were compared using bivariable analysis, as well as limited multivariable logistic regression.
Results: A total of 41,633 arthroplasties (24,029 TKA, 2077 redo-TKA, 13,494 THA, 2033 redo-THA) were identified
in the NSQIP database. A total of 34 (0.08%) lower extremity arterial injuries were recognized (0.08% TKA, 0.19%
redo-TKA, 0.04% THA, 0.20% redo-THA). Eighteen injuries were repaired on the same day of surgery (seven intraop, 11
postop), eight between postoperative days 1 and 5, and 8 between days 6 and 30. Only two patients underwent lower
extremity amputation (overall limb loss rate of 5.9% of patients who had arterial injury). Statistically significant
predictors of lower extremity arterial injury identified on logistic regression analysis included redo procedure (odds ratio
[OR] 2.7, 95% confidence interval [CI] 1.2-6.0, P .013) and African American race (OR 2.5, 95% CI 1.2-5.3, P .02).
Conclusion: Lower extremity arterial injury was exceedingly rare after total knee or total hip arthroplasty. There is an
increased incidence in African American patients and those undergoing redo arthroplasty. Among patients who sustain
vascular injury, excellent limb salvage rates can be achieved with close postoperative surveillance to achieve early detection
and repair of injuries. ( J Vasc Surg 2008;47:803-8.)Arterial injury after total knee (TKA) or total hip ar-
throplasty (THA) is a rare complication that can result in
significant morbidity and amputation.1 This can include
thromboembolism, direct vessel laceration, pseudoaneu-
rysm, and arteriovenous fistula formation.2 Etiologies of
these injuries include joint manipulation and dislocation,3
intra-joint protrusion of cement or screws,4 excessive re-
traction, and heat injury from the exothermic reaction
generated during cement polymerization.5
Since the first case report of arterial injury following
arthroplasty by Dorr et al in 1974,6 there have been several
anecdotal case reports and a few series examining the
incidence and management of this complication. In order
to gain a better understanding of the preoperative risk
factors that contribute to these injuries on a larger scale, we
queried the database of the Veterans Affairs National Sur-
gical Quality Improvement Program (NSQIP) for the inci-
dence and predictors of arterial injury and/or compromise
following lower extremity arthroplasty.
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All patients undergoing total knee or hip arthroplasty
from calendar year 1996 to 2003 were identified using
current procedural terminology (CPT) codes in the Veter-
ans Affairs NSQIP database. This is a prospectively collected
database of most major surgical procedures performed within
the VA system. Surgical outcomes and complications occur-
ring within 30 days are obtained by nurse reviewers using the
medical record, surgeon interview, and patient follow-up by
letter or telephone. Details of the NSQIP database and its
validation are provided elsewhere.7,8
Demographic and clinical characteristics, as well as pre-
and postoperative laboratory data, were analyzed and the
pertinent variables were reported. In addition, in order to
find out whether a history of prior significant vascular
disease that required intervention would have an effect on
arterial injury during arthroplasty, the database was inter-
rogated for previous lower extremity angioplasty, athero-
thrombectomy, bypass, or bypass revision. A history of
lower extremity claudication was unobtainable.
NSQIP defined, 30-day, postoperative outcomes, as
well as all vascular surgical procedures performed within 30
days of the original surgery in the NSQIP assessed and
nonassessed files, were analyzed. Vascular procedures were
elicited by querying for CPT codes for angiography,
thrombolysis, atherectomy, angioplasty, exploration of ar-
tery, direct repair of artery, ligation major artery, endarter-
ectomy, repair traumatic arteriovenous fistula, repair pseu-
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underwent arthroplasty and had one of the above vascular
surgical CPT codes were considered to have arterial injury.
Other procedures related to a vascular complication after
arthroplasty were elicited by querying for CPT codes for
fasciotomy, and amputation.
Statistical analysis. All NSQIP collected variables
were screened for bivariable associations using the Fisher
exact test or student t test, as appropriate. As there were a
nominal number of arterial injuries in this large patient
population, complex statistical analysis (eg, logistic regres-
sion) was limited. Multivariable modeling using logistic
regression generally requires at least 10 adverse events per
predictor variable and at least five patients with the predic-
tor variable of interest.9 Therefore, any variable studied
with a P  .20 on bivariable screen and with less than five
patients was listed as a possible association but excluded
from the multivariable analysis. All variables with a P .20
on bivariable screen and with five or more patients were
included in the regression analysis.
All P values less than .05 (two-tailed) were considered
significant. Analyses were conducted using STATA 8.0
(College Station, Tex).
RESULTS
Ninety-six percent of patients weremale and 4% female.
Seventy-six percent of patients were white, 13% African
American, 0.5% American Indian, 0.2% Asian, and 10% of
unknown race. Fourteen percent of patients had diabetes
mellitus, 10% chronic obstructive pulmonary disease, and
4% a history of stroke or transient ischemic attack. Further
patient characteristics are listed in Table I.
A total of 41,633 arthroplasties were performed includ-
ing 24,029 primary TKA, 13,494 primary THA, 2077
redo-TKA, and 2033 redo-THA (Table II). A total of 34
arterial injuries were identified and repaired (0.08%). There
were 20 injuries in the TKA group (0.08%), four in redo-
TKA (0.19%), six in THA (0.04%), and four in redo-THA
(0.20%).
Definitive vascular repair in the 20 patients who devel-
oped arterial injuries after TKA included one angioplasty,
six direct arterial repairs, five thromboendarterectomies, six
bypasses, and two amputations (Table III). The four defin-
itive vascular procedures in the redo-TKA group included
one ligation, two thromboendarterectomies, and one by-
pass. The six definitive vascular repairs in the THA group
included one angioplasty, one direct repair, one ligation,
and three thromboendarterectomies. Finally, the definitive
vascular repairs in the redo-THA group included one an-
gioplasty, one direct repair, one thromboendarterectomy,
and one bypass.
Eighteen injuries were repaired on the same day as the
arthroplasty; seven were repaired intraoperatively and
eleven postoperatively (Table IV). Eight arterial injuries
were repaired between postoperative days 1 and 5, and
eight between days 6 and 30. Two patients underwent
lower extremity amputation (overall limb loss rate of 5.9%
of those limbs with arterial injury, Tables III and IV). Thesearterial injuries were first repaired on postoperative days 12
and 15. The limb loss rate of injuries repaired within the
first five days of arthroplasty was 0%, and that of injuries
repaired after postoperative day 5 was 25%.
Bivariable analysis revealed that redo procedure, Afri-
can American race, dyspnea, ASA emergency surgery status,
current tobacco use, history of insulin-dependent diabetes
mellitus, transient ischemic attack, disseminated cancer,
chemotherapy in the previous 30 days, impaired sensation,
and stroke with resolution were possible variables in-
volved in arterial injuries after arthroplasty (Table V).
One-hundred twenty-two patients (0.3%) had a history of a
previous peripheral vascular surgery, including angioplasty,
atherectomy, bypass, or amputation. On bivariable analysis,
this was not associated with increased incidence of arterial
injury.
Of the factors identified on bivariable analysis, only
Table I. Patient demographics
n (%)
Agea 64.90  0.05
Sex
Male 40,028 (96%)
Female 1605 (4%)
Race
White 31,754 (76%)
African American 5304 (13%)
American Indian 207 (0.5%)
Asian 73 (0.2%)
Previous vascular procedure 122 (0.3%)
ASA classification
Class 1 588 (1%)
Class 2 16,010 (38%)
Class 3 23,839 (57%)
Class 4 1196 (3%)
Emergency 92 (0.2%)
Diabetes 6006 (14%)
Non-insulin dependent 4332 (10%)
Insulin dependent 1774 (4%)
Chronic obstructive pulmonary disease 4138 (10%)
Tobacco use within one year 9984 (24%)
Dyspnea 4793 (12%)
Cerebrovascular accident 974 (2%)
Transient ischemic attack 845 (2%)
Congestive heart failure 484 (1%)
Hemodialysis dependent 50 (0.1%)
ASA, American Society of Anesthesiologists.
aMean  SEM.
Table II. Arterial injury after lower extremity
arthroplasty
Overall Arterial injury (n) Arterial injury (%)
TKA 24,029 20 0.08
Redo-TKA 2077 4 0.19
THA 13,494 6 0.04
Redo-THA 2033 4 0.20
Total 41,633 34 0.08
TKA, Total knee arthroplasty; THA, total hip arthroplasty.redo operation, African American race, dyspnea, and cur-
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The remaining variables were then excluded from the mul-
tivariable analysis. Multivariable logistic analysis identified
two variables that were statistically significant (Table VI):
redo operation (odds ratio [OR] 2.7, 95% confidence in-
terval [CI] 1.2-6.0, P  .013), and African American race
(OR 2.5, 95% CI 1.2-5.3, P  .02). The increased inci-
dence in African Americans after TKA (eight in 2834,
0.28%) was statistically significant compared with the inci-
Table III. Vascular surgical procedures after lower extrem
Angioplasty Direct repair Liga
TKA 1 6 0
Redo-TKA 0 0 1
THA 1 1 1
Redo-THA 1 1 0
Total 3 8 2
TKA, Total knee arthroplasty; THA, total hip arthroplasty.
Table IV. Incidence and timing of arterial injury,
fasciotomy, and amputation after lower extremity
arthroplasty
Arterial injury Amputation
POD #0 Intraop 7 (20.6%) 0 (0%)
POD #0 Postop 11 (32.4%) 0 (0%)
POD #1-5 8 (23.5%) 0 (0%)
POD #6-30 8 (23.5%) 2 (25%)
Total 34 2 (5.9%)
POD, Postoperative day.
Table V. Bivariable analysis of risk factors associated with
arterial injury after lower extremity arthroplasty
Overall
Arterial
complications Pa
Redo procedure 4110 8 (0.19%) .016
African American race 5304 9 (0.17%) .023
History of a transient ischemic
attackb
845 3 (0.36%) .030
History of IDDMb 1774 4 (0.23%) .053
ASA emergency surgery
statusb
92 1 (1.09%) .072
Dyspnea 4793 8 (0.17%) .079
Current tobacco use 9984 12 (0.12%) .086
History of disseminated
cancerb
110 1 (0.91%) .086
History of chemotherapy in
the previous 30 daysb
156 1 (0.64%) .119
History of impaired sensationb 206 1 (0.49%) .155
History of stroke with
resolutionb
996 2 (0.20%) .192
ASA, American Society of Anesthesiologists; IDDM, insulin dependent
diabetes mellitus.
aVersus patients without arterial injury within group.
bLess than five events and therefore excluded from multivariable analysis.dence after THA (one in 2470, 0.04%, P  .04).DISCUSSION
The incidence of lower extremity arterial injury after
TKA and THA, as demonstrated in this large, multi-
institutional, retrospective analysis, was 0.08% in 41,633
arthroplasty procedures. Arterial injury was associated with
redo procedure and African American race.
The close proximity of the pelvic and lower extremity
arterial tree to the hip and knee joints increases the risk of
vascular injuries during TKA or THA due to direct trauma,
indirect compression, or traction.10 As the incidence of
injury is small, most reported arterial injuries after arthro-
plasty are case reports or series from a single institution.
This analysis represents the first multi-institutional study to
identify risk factors for injury based on multivariable anal-
ysis.
Two single-center reviews on arterial injury after both
knee and hip arthroplasty have been published. In the first
review, 27 arterial injuries were identified in 21 patients
after a total of 4350 arthroplasties (incidence 0.5%).11
Sixty-seven percent of these injuries were in patients under-
going TKA, and pre-existing atherosclerosis was present in
the majority. Thromboendarterectomy for revasculariza-
tion alone was insufficient, and 71% of patients required a
lower extremity bypass. One quarter of the injuries were
identified greater than 24 hours after the arthroplasty, and
three of these patients underwent amputation (overall limb
loss rate 14%). No statistical analysis of risk factors was
performed.
In another series of 23,199 TKA and THA, 32 arterial
injuries were identified (incidence 0.13%).12 Acute arterial
injury was not recognized on the day of surgery in 14 of the
32 patients. Although not significant, patients with isch-
emia tended to require fasciotomy twice as often when the
ischemia was identified beyond the day of surgery. Throm-
boendarterectomy alone was only successful in five patients
(28%), and no patient required an amputation. Redo pro-
cedure was statistically associated with an increased risk of
arterial injury on univariable analysis, although no multiva-
riable analysis was performed.
The overall incidence of arterial injury following TKA
or THA in this study (0.08%) was similar to that in both
large series discussed. Flexion of the knee joint to 90°, a
necessary maneuver during TKA, displaces the popliteal
artery towards the tibia increasing the risk of injury.13 The
close proximity of the external iliac and circumflex femoral
rthroplasty
Thromboendarterectomy Bypass Amputation
5 6 2 (10%)
2 1 0 (0%)
3 0 0 (0%)
1 1 0 (0%)
11 8 2 (5.9%)ity a
tionarteries to the acetabulum places them at risk during THA,
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TKA.3
Eight of nine patients requiring more than one vascular
procedure had undergone TKA. It is unclear why TKA was
associated with more visits to the operating room com-
pared with other arthroplasty procedures. The eight pa-
tients in the TKA group returned to the operating room a
total of 12 times after the original vascular surgical proce-
dure. Given that more than half of the return trips were for
a fasciotomy, one might conclude that the threshold for
performing decompressive fasciotomy in patients requiring
arterial repair after arthroplasty, especially in those who
have undergone TKA, should be low. Others have reported
an increased need for fasciotomy if the arterial injury is
identified greater than 24 hours postoperatively.12 In this
study, no significant difference in the need for fasciotomy
was found between those patients undergoing repair within
24 hours of the arthroplasty (five of 18) and those under-
going repair after 24 hours (seven of 16).
Overall, thromboendarterectomy alone was sufficient
in 60% of patients, but additional procedures were required
in half of those in the TKA group. Thus, thromboendar-
terectomy alone may be adequate treatment of lower ex-
tremity arterial insufficiency in select cases. The success of
thromboendarterectomy should be carefully evaluated as
some studies report success with thromboendarterectomy
alone,14,15 while others have reported inferior results.11,12
Postoperative repair of arterial injuries was associated
with excellent limb salvage rates (94.1%). Two patients
underwent lower extremity amputation. The first patient
had a thromboendarterectomy on postoperative day 12 and
subsequently underwent below-knee amputation on post-
operative day 19. The second patient underwent below-
knee amputation on postoperative day 15 without an inter-
vening vascular surgical procedure. While the NSQIP
database does not identify the exact date that these arterial
injuries were recognized, important conclusions can be
drawn. Either these injuries were not identified until after
postoperative day 5, or the injuries were immediately iden-
tified but not repaired. Accordingly, early detection and
repair of arterial injuries after lower extremity arthroplasty
may improve outcome, and close surveillance beyond post-
operative day 5 is imperative to achieving limb salvage.
Bivariable analysis identified multiple risk factors for
arterial injury after TKA and THA, including traditional
vascular surgical risk factors such as insulin dependent
diabetes mellitus, tobacco use, and cerebrovascular disease.
Table VI. Multivariable logistic regression analysis of risk
arthroplasty
Overall Arterial complicat
Redo procedure 4110 8 (0.19%)
African American race 5304 9 (0.17%)
aVersus patients without arterial injury within group.Many had less than five total events, and thus, we could notreliably determine if any of these factors would contribute
to vascular events when controlling for other factors.
Multivariable analysis identified redo procedure and
African American race as statistically significant predictors
of lower extremity arterial injury after TKA and THA.
Existing reports have identified redo procedure as an in-
creased risk factor for arterial injury.3,12 This may be due to
local scar tissue formation entrapping an artery during joint
manipulation and the technical challenges associated with
reoperative surgery.11
Previous studies have shown that African American race
is associated with peripheral arterial disease. One study
found that African American race negatively correlated with
ankle-brachial indices independent of biologic and social
disparities.16 Another study found that African Americans
have higher arterial disease scores, indicating more severe
disease in every segment of the infragenicular arteries com-
pared with Caucasians.17 It is possible that an unidentified
baseline impairment in infragenicular arterial blood flow
may predispose this group to injury, as the likelihood of
arterial injury in African Americans was significantly higher
after TKA (0.29%) than THA (0.04%). Furthermore, these
findings should prompt orthopedic surgeons to obtain a
more thorough vascular history, such as symptoms of clau-
dication or a history of rest pain/tissue ulceration, to
determine the need for preoperative vascular surgical con-
sultation, particularly in African Americans and those un-
dergoing redo arthroplasty.
Although the data used in this study were collected
prospectively, it suffers from several limitations inherent to
the retrospective examination of a large multi-institutional
database. We were unable to perform chart reviews to
identify the type of injury (hemorrhagic vs ischemic), to
more accurately identify precipitating intraoperative factors
such as tourniquet use or direct puncture injury to the
artery, or to determine laterality of the arthroplasty or
vascular surgical procedure. The sample sizes were small
making it difficult to draw conclusions, although multiva-
riable analysis reduces the likelihood that risk factors are
inappropriately identified as significantly associated with an
arthroplasty. However, the purpose of this study was to
examine outcomes beyond postoperative day 5 and statis-
tically identify preoperative risk factors for arterial injury.
The reporting standards of NSQIP are strict and the data
are extremely well collected. In addition, the procedures
were performed in multiple centers, which make the results
of the current study more applicable to the general popu-
rs associated with arterial injury after lower extremity
Odds ratio 95% Confidence interval Pa
2.7 [1.2, 6.0] .013
2.5 [1.2, 5.3] .020facto
ionslation than single center results.
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Volume 47, Number 4 Eidt 807In conclusion, lower extremity arterial injury is rare
after total knee or total hip arthroplasty. Redo procedures
and African American race predispose patients to injury.
Excellent limb salvage rates can be achieved with close
postoperative surveillance, along with early identification
and repair.
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The trouble with rare conditions is that they are “rare”. In the
accompanying manuscript, Abularrage et al seek to identify predic-
tors of vascular injury associated with total knee or total hip
arthroplasty. They have been able to identify only 34 possible
arterial injuries from a pool of more than 41,000 lower extremity
total joint arthroplasties performed from 1996 to 2003 at VA
Hospitals and contained in theNSQIP database.With an incidence
similar to the risk of a lightning strike, individual orthopedic and
vascular surgeons will likely never have sufficient personal experi-
ence to greatly expand our current understanding of the factors
that lead to arterial injury. Thus, there is a compelling argument
favoring the use of large, multi-institutional databases, likeNSQIP, in
the investigation of rare conditions.
The National Surgical Quality Improvement Program origi-
nated in the Veterans Health Administration in 1991, prompted
by a 1987 Congressional mandate that required the VA to report
outcomes of major surgery as per national average, and risk-
adjusted for severity of patient illness. During the decade after the
inception of the NSQIP, the 30-day mortality rate in the VA after
major surgery decreased by 31%, and 30-day postoperative mor-
bidity rate decreased by 45%. A 2002 Institute of Medicine report
cited the VA Health System as “best in the nation” in part becauseDespite its successes, the NSQIP database has significant
limitations. In the present study, the authors have inferred the
presence of arterial injury associated with total joint arthroplasty by
identifying any vascular surgery CPT code occurring within 30
days of the index orthopedic procedure. No chart review was
performed and no patient was examined. Based on CPT codes,
NSQIP does not differentiate direct repair of artery from vein. The
database does not indicate if the vascular insult resulted in hemor-
rhage or ischemia. Furthermore, since the NSQIP database does
not record laterality, the orthopedic procedure and the vascular
procedure might not have involved the same extremity. Similarly, a
femoral thrombectomy for peripheral embolism unrelated to the
index orthopedic procedure might be misconstrued as a complica-
tion of orthopedic surgery. It is curious that eight of the thirty-four
vascular procedures occurred between 6 and 30 days following the
index orthopedic procedure leaving one to wonder if the “injury”
was simply missed, late in onset or completely unrelated to the
orthopedic procedure. Given the small number of vascular injuries,
the misclassification of even a few cases could have significant
impact on the statistical analysis.
This study confirms previous reports that reoperative total
joint surgery is associated with a higher risk of vascular injury. A
novel finding is the apparent association of arterial injury with
